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We, Union C&bbzdb Corporation, 
(formerly known as Union Carbide and 
Carbon Corporation)* of 30, East 42nd Street* 
New York, State of New York, United States 
of America* a corporation organised under the 
laws of the State of New York United States 
of America, (assignee of Gosdon Merbay 

GOODALE, EdWABD JAMES MILLS, JBU, 

Thomas Roeeet Muxes and James Johh 
Fasnacht), do hereby declare the iuvemi on, 
tor which wc pray that a patent may be granted 
to us, and the method by which it h to be 
performed, to be particularly descr ib ed in and 
ey the following statement.:— 

This invention relates to a m et h o d of pre- 
paring dibenzoate esters of aliphatic dials by 
reacting butyl benzoate with an aliphatic diol 
coo tala in g four to nine carbon atoms and 
having no tertiary hydroxy! groups. A tertiary 
hydroxy! group is one which is attached to a 
tertiary carbon atom. 

Among the compounds which may be pre- 
pared in accordance with the present mvention 
are the dibenzoate e sters of aliphatic dials 
having' an oxygen flflt iwft ' ll i f,A ^ carbon cham* 
such as dicthvlenc glycol dibenzoate, dipropy- 
lene glycol dibenzoam, and polya&^ene ejfrcol 
dibenzoatcs and the dibenzoate esters of 
straight and branched chain aliphatic dials 
hav ing an uninterrupted furf 10 !? cnaiflj such as 
2<myl-l a W»exanedjol; 2-memoxynKthyl-2,4- 
c^jneth^l^-pentanedioi, 2*5-he»mediQl; 3* 
nxmyl-l^pentanediols 2-ethyi-2-butyl-I,3- 
propanediol; 2r-mcthyl~2-propvi-l *3-propane~ 
diol; Zj^^eth^ljS-propanedioU 2Hmethyl- 
1,5-pcnTanedffll; 2-ethyi-3-<neth^-l J 5-pentmc- 
diol> 2reth^-l»Sjpentanedinl; 2,4-diethyirl a 5- 


pentanediol and I^S-pentanedioL 

Dibenzoate esters of aliphadc dials of the 
class described above are useful as pl a s tici z cr s 
for vinyl resins. Dipropylene glycol dibenzoatr 
is particularly valuable as a plasuexzer for poly- 
vinyl chloride resins. 

We have discovered that the dibenzoate 
esters of aliphatic djofa which contain from 4 


to 9 carbon atoms and which ^mtainfrw no 
ternary hydroxy! group can be prepared by 
reacting one molecular proportion of one of 
die above described aliphatic diola with 2.5 
molecular proportions of butyl benzoate in the SO 
presence of an alkaline catalyst. The reaction 
can be conducted at a temperature of from 
100° C to 250° C* and preferably from 
150° C to 180° C, for a period of from 10 
hours to 30 hoars. Although the reaction can 55 
be cond iiitcd at a pressure of from 0.1 am 
Hg to 200 mm* Hg> it is preferably cond u cted 
at a pressure of from 2 mm. Eg to 100 mm. 

T ^g ,. ^ ntrahlfr CSt&lySP for ri^A K m CHP fl ^ft^TTt^Tl ffT 

aU aJ j metal and earth metal oxides, 60 

hydroxides* alkoxjdas* carbonates and borates. 
Preferred catalysts are the alkaline earth metal 
nryi^ff , C atci n m oxide is a particularly s u ita bl e 
catalyst bscanse of its good catalytic activity, 
low cost and ease of handling Catalyst con- 65 
centra f ions can vary from 0.06 per cent by 
weight to JL4 per cent by weight but ate pre- 
rcrabry between 0.1 per cent by weight ana L0 
per cent by weight. By operating at a tem- 
perature in the range of from 158° C to 180° 70 
C. with a catalyst concentration of 0.1 percent 
by weight, excellent results are obtained* par- 
ticularly in the prodnrtion of dipropylene 
glycol dibenzoate. As die reaction proceeds* 
botanol is removed by cHsnTlarion, follow ed by 75 
a midr^i fflc^^*^ usually containing bo t an d and 
butyl benzoate and a third tact ion of butyl 
benzoate. The pure dibenzoate ester of the 
aliphatic diol ca n he lsql?tp | d from the residue 
by distiHadon or by filtration. SO 
The following examples are illustrative : — 

Example I. 
Into a three-neck kettle equipped with a 
therrnowefi, a mechanical stirrer and a 25x250 
mm. cohmm packed with glass Kaschig rings 85 
and surmounted by a standard reflux head with 
the usual co nden ser and vacuum receiver 
attached* were charged 8015 grams (45.0 tools) 
of refined butyl benzoate and 2414 grams (18.0 
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mols) of dipropykcc giycoL Then 104 grams 
(L0 per cent by weight of the kettle charge) of 
rafr"imn gride were added and the reaction 
niiaime was h rated and stored at a pressure 

5 of 100 TOP. Hg. Butanol whs removed by dis- 
tillation at tins pressure untd the kettle tens* 
perature increased n> 180—194° C Use kettle 
temperature was men reduced slightly, the 
pressure was reduced to 50 mm. Hg, and the 

10 remaining butanol was collected as disnDaxe. 
A niid-fracrioo, containing butancl and butyl 
benzoate was then disallcd, followed by a pure 
faction of butyl benzoate. Occa sion al reduc- 
tions in pressure wetc 'required to facilitate 

15 maintenance of the kettle temperature below 
198° C The contents of the reaction kettle 
v?exc coded;, mixed with a filter aid and filtered 
to remove the catalyst. The nitrate was men 
charged to a stripping snU equipped with a 

20 goose-neck head and an external nitrogen 
ebuflatar. The stripping operation was con* 
ducted at a temperature of 182° Cat less than 
L0 mm* Hg. The kettle residue was then 
treated with a decolorizing material^ filtrTfd, 

25 and recovered. 

A yield of 817 per cent of drpropyknc 
glycol dibenzoate (based on drpxopylene 
glycol) was obtained, with an cfikioicy (based 
on butyl benzo ate) of 86.4 per cent. The 

3rj refined dipropylene glycol dibenzoate had a 
purity by saponification of 99*8 per cen t , an 
acidity (as benzoic acid) of 0.02 per cent, a diol 
content of 0-69 per cent and the following 
physical properties 

35 Ite&activeino!erat20 o C- - 15288 
Specific gravity (20/20° G) - U255 
Color (based on Pt-Co scale) 35 

Example H. 
Into a three-neck kettle equipped with a 

40 thcrmowcll, a mechatncal stirrer and a 25 X 250 
jrmt f eohmm packed with gfo*? Raschig rmgs 
and sannounred by a snrndnrri reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 8015 grains (45.0 mob) 

45 of refined butyi benzoate and 2414 grams (18.0 
mols) of dipropylene dycoL Then 104 grams 
(LO per cent by weight of the kettle chargje) 
cf calcium oxide were added and die reaction 
mrxture was heated and stirred at a pressure 

50 of 100 mm. Hg. Butanol wis removed by dis- 
tfl htmo at this pressure *mt?i the ke nlr tern— 
peramre increased to 175—187° G Tfce kettle 
temperature was then reduced slightly, the 
pressure was reduced to 80 mm. Hg, and the 

55 remaining butanol was collected as drsriOats, 
A mid-feacdon, containing butanol and butyl 
benzoate was then distilled, followed by a pure 
traction of butyl benzoate. Occasional redac- 


tions in pressure were required to fa ci l itat e 
maintenance of the kettle temperature below 60 
187* C The contents of the reaction kettle 
were cooled, mixed with a filter aid} and 
filtered to remove the catalyst* The filtrate was 
then charged to a stripping still equipped with 
a gooseneck head and an external nitrogen 65 
ebuUator. Hie stripping operation was carried 
out at a temperature of 210° C and a pressure 
of L5 mm. Hg. The kettle residue was then 
treated with magnescJ, filtered and recovered. 

A yield of 82£ per cent of dipropylene 70 
glycol dibenzoate (based on diruopykne glycol) 
was obtained^ with an efficie ncy (based on butyl 
benzoate) of 873 per cent. The refined dipro- 
pylene glycol dibenzoate had a purity by 
saponification of 99.9 per cent, an acidity (as 75 
benzoic acid) of 0.06 per cent, a did content 
of 0.72 per cent and a color (based on Pt-Co 
scale) of 35. 

Example DX 
Xnto a three-neck kettle equipped with a 80 
thermowcli, a mechanical stirrer and a 25 X230 
mm. cofann packed with glass Raschig rings 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 3565 grams QJ0J0 mols) 85 
of refined butyl benzoate and 1073 grams (8.0 
mols) of dipropylene glycol. Then 23 grams 
flX5 per cent by weight of the kettle charge) 
of catena oxide were added and the reaction 
mixture was h eat ed and stirred at a pressure 90 
of 100 mm. Hg. Butanol was removed by dis- 
uuarion at this pressure until the ketde tem- 
perature increased to 175—180° C The kettle 
temperature was then reduced slightly, the 
pressure was reduced to 50 mm. Hg> and the 95 
remaining butanol was collected as distillate. 
A trad-fraction, containing butanol and butyl 
benzoate was then distilled, followed by a pure 
fraction of butyl benzoate. Occasional reduc- 
tions in pressure were required to facilitate 100 
maintenance of the ketde temperature below 
180° O After most cf the excess butyl benzo- 
ate had been collected, the pressure was 
reduced to 05 mm. Hg and the temperature of 
the ketde was raised as rapidly as possible to 105 
around 205—207* C The deared dipropylene 
glycol dibenzoate was then collected as 


A yield of 86.1 per cent of dipropylene 
glycol diberrzeate (based on drpropykne glycol) 110 
was obtained, with an efEaency (based on 
butyl benzoate) of 78 J8 per cent The refined 
dipropylene glycol dib enz oate had a purity (by 
sapenmcarion) of 99.9 per cent, an acidity (as 
benzoic acid) of 0.05 per cent, a did content of 115 
0l22 per cent and the following physical 
properties: — 


120 


Retractive index at 20° C - - 
Specific gravity (20/20° C) - - 
Color (based on Gardner scale) 


L5297 
U236 
25 

190-195° C at 05 mm. Hg. 
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Example IV. 
Inro a three-neck kerne equipped with a 
thennoweD, a mccharucal stirrer and a 25x250 
mm. rohrrrm packed with glass Raschig rings 

5 and surmounted by a standard rcfinx h e a d with 
the usual condenser and vacuum receiver 
attached, were charged 3565 grams (20.0 mate) 
of refined butyl baccate ana 1073 grams (8.0 
mols) of dipropyienc glycol. Then 4 grams 

10 (0.1 per cem by weight of the kerne charge) of 
cajemrn mode were added and the reaction 
mixture was heated and stirred at a pressure 
of 100 mm. Hg. Butanol was removed by dis~ 
filiation at this pressure until the kettle tern- 

IS perature increased to 175—180° C The kettle 
temperature was then reduced slightly, the 
pressure was reduced to 50 mm. Hg, and the 
remaining butanol was ccfloctcd as distillate. 
A mid-fraction, containing butanol and butyl 

Retractive index at 20° C - 
40 Specific gravity (20/20° C) - 

Color (based on Pt-Co scale) - 
Boiling range - 

Example V. 
Into a three-neck tone equipped with a 

45 thermowcU, a m<xhanka3 sririer and a 25 X250 
jxuxl column padocd with ^iass Ras cl ng xjngs 
fx\^ y y,r m f *nint i r^ by a standard retmxhead with 
the usual condenser and vacuum receiver 
attached,, were charged 1782 grams (4J0 mols) 

50 of refined butyi benzoate and 537 grams (10.0 
mols) of drprcpyiene glycol Then L26 grams 
(0.05 per cent by weight of the kettle charge) 
of caldum fi^ rde w ^rt ff added ri>^ ly-ftot lo^i 
mixture was heated and stared at a pressure of 

55 100 mm. Hg. Butanol was removed by dis- 
tillation at this pressure until the ^rt^ tem- 
pernrnre increased to 175—180° C The 
Settle tempers mre was then reduced sljghriy. 
the pressure was reduced to 50 mm* Hg? and 

60 the remammg rmtanol was collected as distil- 
^ fiifi t rnlo? *fc8sttoOa coptBrnina fa n tfl uol and 
butyi benzoate was then distilled; followed by 
a pure fraction cf butyl benzoate. Occa s i o nal 

Retractive index at 20° C - 
85 Specific gravity (20/20° G) - . 

Color (based on Pt-Co scale) - 
Soiling t suay • 

Example VI 
Ihro a three-neck kettle equipped with 8 

70 thcrmoweU,amechamc^ 

mm. column paebed with glass Raschig rings 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 2228 grams (125 

95 mols) of refined butyi benxoate and 531 grams 
(5.0 mols) of dkthyiene glycol Then 2.76 
grams (0JL per cent by weight of the tetde 
charge) of calcium oxide were added and the 
reaction mixture was heated and stirred fit a 

100 p re ssur e cf 100 mm. Hg. Butanol was 
removed by distillation at this pressure until 
the kettle temperature increased to 175° C 


benxoate was then distilled, followed by a pure 20 
fraction of butyl benzoate. Occasional reduc- 
tions in pressure were requited to facilitate 
maintenance of the kettle temperature around 
180° C After most of the excess butyl benzo- 
ate had been collected, the pressure was 25 
reduced ro 2.0 mm* H& and the temperature 
of the kettle was raised as xaradry as possible 
to around 215—220° C The desired ester was 
r h^** collected as d tBtfflatt* 

A yield of 812 per cent of thpropykne 30 
glycol dibenzoare phased on dipropylenc 
glycol) was obtained, with an efficiency (based 
on butyl benzoate) of 902, per cent. The 
refined dipxopyiene glycol dibenzoare had a 
purity (by sapemificaoon) of 995 per cent, an 35 
acidity (as benzoic add) of 0.17 per cent, a 
diol content of 0.19 per cent and the following 
physical properties: — 

- 15237 

- 1.1224 

- 65 

- 210— 216° C at 2 mm. Hg. 

mdncri ong in pressure were requited to facili- 
tate mamKJMDce of the kettle ternperatore 65 
below 180° C The am rents of the reaction 
kettle were cooled to 130* G» mixed with & 
filter aid, and filtered to remove the catalyst. 
The filtrate was t h en charged to a s trip ping 
still equipped with a gooseneck head and an 70 
external nitrogen ebuQamr. The distillation 
of dipropylene glycol dibcnTjoaty. was carried 
out at a ketde temr^rarure of 212° C and a 
pressure above 1.0*mm. Hg. 

A yield cf 58.1 per cent of drpropykno gly- 75 
col dibenzoate (based on dmropyiene glycol 
was obmmcd, with en efficiency (based cd> 


butyl benzoatg) of 74.0 per cent, 
diratjojiene glycol dioenzoate had a parity (by 
sapenm ration) of 98*5 per cent, an acidity (as 
benzoic acid) of 0.03 per cent*, a dint content. 
L50 per cent ana the following physical 


- L5282 

- 1.1230 

- 35 

- 200-^204° Cat la 


■Hg. 


The kettle temperature was then reduced 
shghtly, the pressure was reduced to 50 mm 
Hg, and the remammg butanol was collected 105 
as distillate. A mid-fraction, 


butanol and butyl benzo a tr was then < 
followed by a pure fraction of butyl T 
Occasional reductions in pressure were 
required to tarflfrstc maintenance of the kettle 110 
trmperatirre below 180° C The ccntents cf 
the reaction kettle were cooled to 130° C, 
m ix ed with a filter aid and filtered to remove 
the catalyst. The fihrate was then charged 
to a stripping stifl. equipped with a gooseneck 115 
fie^d and an external on xi se n rimH ^^**^ *j.~he 
disdnarion of dict h yiene glycol ctroenzoate was 
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earned oat at a temperature of 210—220' C 
and a pressure above LO mm. Hg. 

A yield of 73.7 pec cent of dicthyicne glycol 
dibenzpare (based on djethySene glycol). was 
5 obtained, with an efficiency (based on butyl 
benzoate) of 763. per cent The refined 

Refractive index at 20° C - 
Specific gravity (20/20° C) - 
Color (based on Pt-Coacak)- 
15 Boiling range - - 

Example VH 
Into a three-neck kettle equipped with a 
tncrmowelk a nrrhftnical stirrer and a 25 X250 
mm, column packed with glass RascHg zings 

20 and suxmounted by a standard zefioc head with 
the nsnal condenser and vacuum receiver 
attached, wrc charged 2230 grams (125 mols) 
of refined butyl benzoate and 731 grams (5.0 
mols) of 2<n^lj3-tiexanedi0L Then 33 

25 grams (LO per cent fay weight of the kettle 
charge) of calciu m oxide were added and the 
reaction mixture was heated and Brined at a 
pressure of 100 mm. Hj. Butanol was 
removed by dntfflhtkm, at this pressure until 

30 the heme temperature increased to 198° C 
The kettle tentp c ratnte was then reduced 
slightly, the pressure was reduced to SO mm. 
Hg. and the remaining butanol was collected 
as riforfllaTr, A xnldrfracrion, containing 

35 butanol and butyl benzoate was then distilled, 
roflowed by a pure traction of butyl benzoate. 
O ccas iocal reductions in pressure were 
required to facilitate maintenance of the kcttic 
temperature around 200° C After most of 

40 the exce ss butyl benzoate had been collected a 
stripping operation was carried out fiat ten 
minutes at a tfnrprrofrme of 220* C and a 
pressure of 1.5 mm. Hg. The kettle residue 
was then filte red and recovered. 

45 A yield of 88.4 per cent of 2rethyi-13- 
hexanediol dihctwfflfflr (based -on 2-ethyl-l,3- 
hexanediol) was obtained, with an- efijoenry 
(based on bury! benzoate) of 840 per cent The 
refined 2>emyi-l,3-hcxanediol dibenmate had 

50 a parity (bjr saponrficatinn) of $9 .4 per cento 
an aadhy (as benzoic add) of 0.14 per cent, 
a did content of 02 per cent and the follow- 
ing physical properties:-— 
Specific gravity (20/20* C) - UOS01 

55 Color (based on Gardner scale) - 5 

Example ynr 
Into a three-neck kettle equipped with a 
thecmoweBs a mechanical states and a 25x250 
pth"*. column packed with glass Raschig rinffi 

60 and senncuntrd by a standard reflux head wirh 
the usual co nden ser and vacuum receiver 
attached, were charged 2230 grams (JZ5 mols) 
of lefined butyl benzoate and 731 grama (5.0 
mols) of 2>^thyi-l^-hexancdioL Then 30 

65 grams (LO per cent by weight of the kettle 
charge) of calcium oxide were added and the 
reaction mixture was heated and stilted at a 


Methylene glycol dibenzoate had a parity (by 
saponification) cf 98.9 per cent, an acidity (as 
benzoic add) of QJD7 per cent, a diol content of 
LO per cent and the following physical pro 10 


- L5438 

- 1.1746 

- 80 

- 200—214° C at 1 mm. Hg. 

pressure of 100 mm. Hg. Butanol was removed 
by distillation at this pressure until the kettle 
tnTTperarnrc increased to 196° C The kettle 70 
temperature was then reduced slightly, the 
pressure was reduced to 50 *wm Hg. , and the 
remaining butanol was collected as d«ritt«*fn 
A rtnaVfracaon, containing butanol and butyl 
benzoate was then distuTed, fallowed by a pure 75 
traction of butyl benzoate. Occasional reduc- 
tions in pressure were required to facilitate 
maintenance of the kettle temperature below 
200° C The contents of the reaction kettle 
were cooled to around 130° C with, a 80 
niter aid and filtered to remove the catalyst 
The filtrate was then charged to a stripping 
still equipped with a gooseneck head and an 
external nitrogen ehuTlaior. The stripping 
operation was carried out at 132* C. and 1 85 
mrn.Bg. The kettle residue was then filtered 
and recovered. 

A yield of 75.0 per cent of 2~ethyi-l£- 
hexanedtol dibenzoate (based on 2~erhyi-l,3- 
hcxanedkl) was obtained, with an efficiency 90 
(based on butyl benzoate) of 77.5 per cent, The 
refined 2-cthyM»3-hexanediol cHbenzoatc had 
a rraatjr (by saponification) of 99.0 per cent, 
an acidity (as benzoic acid) of 0.18 per cent, a 
diol content of (X52 per cent and the following 95 
physical properties;—- 
Rermctive maex at 20° CL, — - L5317 
Specific graviry (20/20* C) - - L0814 
Color (based on Gardner scale) - 4 

Example IX 100 
Into a three-necfc kettle equipped with, a 
thermoweD, a mechanical stirrer and a 25x250 
nun. ccfaaan packed with glass JRaschxg *fag* 
and sonnountcd by a. standard reflux head with, 
the usual c ond ens er and vacuum receiver 105 
attached, were charged 1068 grams (5.99 mols) 
of refined butyl benzoate and 441 grams (23 
mols) of 2rmethoxymethyi-2y4^ 
pnffaiiedioL Then 15 grams (LO per cent by 
weight cf the kettle charge) of calcium oxide 110 
were added and the reaction Quxture was 
heatedandsth^ataKessureof 10Omm.Hg. 
Butanol was removed by distillation at this 
pressure until the kettle temperature increased 
to 175-180° C The Kettle temperature was 115 
then reduced sligh tly, the pressure was reduced 
to 50 mm. Hg., and the remaining butanol was 
collected as distillate. A mid-fractJon, con- 
taining butanol and butyl benzoate was then 
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distilled, followed by a pure fraction, of butyl 
benzoatc. Occasional reductions in prcssmc 
'were required to fa^ift^fy Tn«fnt^p>mi > »i the 
fettle temperamre below 180° G The con- 

5 rents of the reaction ketrie were cooled to 130* 
G, mixed with a filter aid and filtered to 
remove the catalyst. The filtrate was then 
charged to a stripping still equipped with a 
gooseneck head and an ggrymaf parog en ebul- 

10 lator. Distillation of 2rinethoxyrnethjl-2y^ 
dlmetnyi-l^-perttaneSiol d'^^it* was car- 
ried oat at a temperamre of 232° G and a 
pressure of 15 mm. Hg. 


2,4-ajmetfayi-l^pcntanediQl dibenzoate (based 15 
on 2-mr4hcnryrrttthyl-^^ 
TrmrdioQ was obtained, with an efficiency 
(based on butyl benzoate) of 79j0 per cent The 
refined 2 - methoxymeth^ 
peunmcdjoj dibenzozte had a purity (by 20 
sapanrfirarinn) of 99.8 per cent an acidity (as 
benzok add) of 0U4 per centj csseiraaliy so 
diai mutant and the fofi owing physical pro- 
perties:-— 


25 


Refractive index at 20* G - 
Specific gravity (20/20° G) - 
Color (based on Pt-Co scale) - 
Tirtj bp^f p oi nt • • • 


Example X 

30 Into a three-neck kettle equipped with a 
thcrroowell, a rnecfuuucal strrrerand a 25 x250 
nr^tv columu pa rkrd with glass- Rasca ig rings 
and surmounted by a standard reflux head with 
the usual ofmrirnsrr and vacuum receiver 

35 attached, were charged 446 grams (25 mols) of 
refined butyl benzoate and 160 grams (L0 
mols) of 2^Wkmytl^penranedioL Then 5 
grams of calcium oxide were added and the 
reaction mixture was heated and stirred at a 

40 pressure of 100 mm. Hg. Botanol was 
cemoved by distillation at this pressure «wtq 
the kettle temperature increased to 175 — 189* 
G The kettle tttnr«atnre was then reduced 
slightiy, the pressure was reduced to 50 nan. 

45 B^, and the remaining butanol was cxuTected 
as distillate* A mi&cacrioi^ ccntalrdng bot- 
anol and butyl benzoare was then distffled, fol- 
lowed by a pure fraction of butyl benzoate. 

Kefractrve index at 20° G - 
70 Specific gravity (20/20° G) - 

Color (based on Pt-Co scale) - 
Boiling point ■■«•«•«» 


HxAMixgXI 
Into a mrceneck kettle equipped with a 
75 tbcrmowcfl, a mechnrtfral stirrer and a 25x250 
■mm. ccJur an packed with glass Raschig dng 
and surmounted by a standard reflux head with 
the usual condenser p wft v acnnni receiffer 
attached^ were charged 8015 grams (45 mols) 
80 of refined butyl benzoare and 2125 grams (18 
mols) of 3-memyi-l^>entanedioL Then 101 


grams (IjO per cent by weight of the kettle 
charge) of calcium oxide were added and the 
reaction miinue was heated and stirred at a 

85 pressure of 100 mm. Hg. Botanol was 
removed by distillation at this pressure rmnl 
the kerrie tcrmieramre increased to 190—200° 
G The kettle temperature was then reduced 
slightly, the pressure was reduced to 50 mm 

90 Hg,, and the remaining butanol was collected 
as distillate. A mid-fraraion, con 1 mn g b u t* 
anol and butyl benroate was then distilled, fol- 
lowed by a pure iiactkm of butyl benzoatc* 


- 15310 

- L1003 

- 25 

- 225° G at 15 nun. Eg. 

Occasional rednctfrms in pressure were 
required to fadlnare rrarnTPnarife of the fecnle 50 
temperature below 180° G The contents of 
the reaction, kettle were cooled to 130° G» 
mrrpft ^irh a filter aid and filtered to remove 
the catalyst The nitrate was then charged 
to a stopping stzQ eqarnped with a gooseneck 55 
head ana an external nurngen ebuEaxor. 
aDatkn cf 2^Bemyl-l 9 5-pentaneoM diben- 
zoate was carried out at a tenrperarure of 254* 
G and a pressure cf 4j0 mm. Hg. 

A yield of 36^ per cent of 2^Miethyi-l,S- 60 
peotaaedkl dibenzoate (based on 2^4-diethyi- 
l*5^peruanedxd) was obtained, with an effici- 
ency (based on butyl benzoare) of 44S per 
cent. The refined 2^r&±yUl^psataru> 
dMdibenzoan; had a purity (by saponrtorion) £5 
of 99.6 per cent, an acidity (as benzoic add) of 
0.62 per cent, a chol cement of <X04 per cent 
and the tallowing physical properties: — 

- L5322 

- L0775 

- 30 

- 206° G at 1 mm, Hg. 

Occasional reductions in pressure were 
icgpireA tn fnrflftm* rafnto aaaoc of the 95 
tnrmcraterc below 190° G The contents of 
the reaction kettle were cooled, raised with s 
filter aid and filtered to remove the catalyst, 
The fihrate was then charged toastripprrujstuT 
cqnrpped with a gcjcaeneci head and an exter- 100 
nal nrtrogen ebuUatnr. The stripping opera- 
tion was carzkd out at a kettk tenHxratae of 


180— 189° Gandapressureof2 to4rrm&. 
The ket tle residue was then filtered and 
recovered. 

A yield of 853 per cent of 3-rnethyi-l^- 
pgatanecyj dibenzoate (based on 3-methyi-l^ 
^tatmdio Q was obtained, with an efficiency 
on butyl benzoare) of 86J6 per ^mr 
i refined 3^thyl-l,5-pentariediol dibenzr> 
atc had a purity (by saponrncation) of 100.2 
per cent, an acidity (as benzoic add) of OlOC 

&2£i ^^LZ^ contcnt *° 

touowmg rmysical taopernes;--. 
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70 


Refractive index at 20° C - 

Color (based on Pt-Co scale) - 
pxangc - - - - 
: point - - - 


Example XH 
Into a three-neck kettle equipped with & 
therrnowcU, a mechanical stirrer and a 25 X250 
idol cohtmn packed with sftrftilcss steel pro* 
tnrricd packing and surnxranxed by a standard 
reflux head with, the usual condenser and 
vacuum receiver attached, were charged 1338 
grams (7.5 mols) of refined butyl benzoate and 
4S0 grams (3j0 tools) of 2^thyl-2-tmtyi-l^ 
propanediol. Then 1&2 grams (1«0 per cent 
by weight of the k et t l e charge) of calcium 
oxide were added and die reaction nnxmse 
was heated and stirred at a pressure of 90 mm. 
Hg. Bmanol was removed by dtsdUatioa at 
lias pressure mini the k et tle temperature 
increased to 140° C Hie kettle temperature 
was then reduced aUghtfy, the pressore was 
reduced to 75 mm. Hg^ and the remaining 
bmanol was collected as distillate. A nridV 
^f ^^yyftft^ cuntammg butanol and oozy} benzo— 
ate was then disdlled, followed by a pure frac- 
tion of bntyi benzoate. Occasional teduc- 

Retractive index at 20° C - 
Specific gravity (20/20° C.) - 
Color (based on Pt-Co scale) - 
; range - - - - 


- 15378 

- 1.1103 

- 70 

- 186—192° C at 1 mm. Hg> 
-33.4* C 

tioos in pressure were required to facilitate 
maintenance of the kerne temperature below 
160° C The contents of the reaction kerne 
were cooled, mixed with a filter aid and fil- 
tered to remove the catalyst* The filtrate was 
then charged to a stripp i ng still equipped with 
a gooseneck head ana an external nitrogen 
cbnllator. Distillation of 2-etfay K2-b u lyl- 
1,3-propanediol difoenzoate was carried out at 
a temperature of 237—267° CL and a pressure 
of US mni« Pfg. 

A yield of 64.7 per cent of 2-emy^24*ityl-- 
l>propanediol dibenzoate (based on 2rCthyl- 
2-bctyl-13-propanedioI) was obtained, with, an 
efficiency (based on butyl benzoate) of 87.4 
per cent. The refined 2rethyl-2^l>ui54-lj3- 
propanedioldibenzoarel^^ 
fication) of 100.8 per cent, an acidity (as ben- 
zoic acid) cf 0.02 per cent, content cf 039 
per cent and the following physical pro- 
perties: — 

- L5327 

- 1.0778 

- 20 

- 236° C at L5 mm. Eg. 


Into a thrce *neck kettle equipped with a 
thermoweu, a mechanical stirrer and a 25x250 

^(|iyf t vwl iiwitt pftffr^d With steel 

tjuded packing and surmounted by a 
reflux head with the usual condenser and 
vacuum receiver attached^ were charged 200 
grams (1-5 molfi) of 2rinethyl-2-propyi-l>-pro- 
p&nedloi end 670 grams (3.75 mols) of refined 
butyl benzoate. Then 9 prams of calcium 
oxide (XX) per cent by weight of the kettle 
charge) were added and the reaction mixture 
was heated and sorted at a pressure of 100 
mm Bg. Bntanol was removed by distilla- 
tion at this pressure until the kettle tempera- 
ture rose to 156° C The fade reinper a t nre 
was reduced sKghtry, the pressure was reduced 
to 50 mm. Hg, and the remaining butanol was 
collected as distillate. A mid-faction, con- 
taining bu ta n ol and butyl benzoate was then 

Re fr ac ti ve index at 20° C 


95 


100 


gravity (20/20° C) - 
(based on Pt-Co scale) - 


30 


35 


40 


45 


Exahpie XIV 
In a three-neck kettle equipped with a 
thermoweU, a mechanical stirrer and a 25x250 
mm* column packed with stainless steel pro*' 
traded saddlesj and surmounted by a standard 
reflux head with the usual c ondens er and 


distilled, followed by a pure fraction of butyl 
benzoate. Occasional reductions in pressure 
were refluSred to facilitate f ir^rc^ rriffffiy of the 
kettle temperature below 170° C The con- 
tents of the reaction kettle were cooled, mixed 
with a filter aid and filtered to remove the cats- 
lyst The filtrate was then charged to a strip- 
ping stall equipped wim a gooseneck head and 
an external nitrogen cballarat. Distillation of 
the ester was carried out at a kerde tempera- 
ture of 249-252° C and a pressure of Z0 

itiiti. Hg. 

A yield of 482 per cent of 2~metfiyi-2~pro- 
pyi-13-propanedkri dfhenzoate (based on 7r 
methyl - 2 - propyl - 1*3 - propanediol) was 
obtained. The refined 2-mcthyi-2' , propyI-lj3"' 
propanediol dibenzoate had a purity of 101.8 
(by saponification)^ essentially no acidity and 
did conten t and the following physical proper* 
ties:— 

- 13367 

- 10003 

- 20 

- 214° Gat 2mm. Hg. 

- -5.6° a 

vacuum receiver attached, were charged 670 
grams (3.75 mols} of refined butyl benzoate and 105 
200 grams (US mols) of 2£-c3emyi-l^pro- 
panfdinl Then 9 grams of galrfntp oxide 
(L0 per cent by weight of die kettle charge) 
were added and the reaction mixture was 
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815^91 
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beared and stirred at a pressure of 1<X> ™n. 
Hg. Butanol was removed by distillation at 
this pressure until die kettle tcmperatare 
increased to 165° C Tie kettle te mp er a t nre 
was tben reduced slightly, the pressure was 
reduced to 50 mm. and me remaining 
butane* was collected as distillate. A mid- 
fraction containing butanol and butyl benzo- 
ate was then distilled, Mowed by a pure frac- 
tion of bury! benzoate. Occasional reduc- 
tions in pressure were required to facilitate 
maintenance of the kettle temperature below 
184° C The contents of the reaction tatte 
were cooled, mixed with a filter aid and filtered 
to remove the catalyst. The filtrate was then 
Retractive index at 20° C - 
Specific gravity (20/20° C) - 
Gdor (based on Pt-Co scale) - 
Boiling range - - - - 
Freezing point ~ - - — 
Example XV 
Into a three-neck kettle equipped with a 
thermowell, a mechanical stirrer and a 25 X250 
mm. column packed with glass Raschig zings 
and surmounted by a standard rt&nx head with 
the usual condenser and vacuum receiver 
attached, were charged 802 grams (4.5 rncls) 
of refined butyl benzoate and 236 grams (2.0 
mols) of 2rme^l-l 3 5-penftmedinl. Then 10 
g ram s of calcium ox i de (1.0 per cent by weight 
of the kettle charge} were added and the reac- 
tion m i x t ure was he ated and stored at a pres- 
sure of 100 mm. Eg. Butanol was removed 
by disriTfarkm at this pressure until the kettle 
temperature increased to 171° £ The kettle 
temperature was reduced slightly, the pressure 
was seduced to 50 mm. Hg., and the remain- 
ing butanol was collected as distillate, A 
nnd-fractronj ^Tnta *****^^ butanol and buty? 
benzoate was then distilled, followed by a pure 
Refractive index at 20° C - 
Specific gravity 00/20° - 


Color (based on Pt-Co scale) 
Sotting range 
Freezing point - - - - 
80 Example XVI 

Into a thme-neck kettle eqnipped with a 
tbermoweH, a mechanical stirrer and a 25X250 
mm. column p a c k e d with stainless steel pro- 
truded packing and surmounted by a standard 
85 reflux head with the usual condenser and 
vacuum receiver attfmhftrf, were charged 850 
grams (477 mols) of refined butyl benzoate 
and 264 grams (2j0 mols) of 2-cthy3-l>pea- 
tanediol Then 11 grams of calcium oxide 
90 (1.0 per cent by weignrjjftfce tedc charge) 
were added and the reaction mixture was 
heated and stirred at a pressure of 100 mm 
Hg. Bnnmol was removed by distillation at 
this pressure until The ketde temperature 
95 increased to 154* C The ketde temperature 
was then reduced slightiy, the pressure was 
re duce d to 50 mm. Hg., and 


charged to a stripping still equipped with a 
gooseneck head and an arfpmal nitrogen ebul- 
latar. Distillation of the ester was carried 
out at a ketde tnnucraiure of 200° C and a 
pressure of 2j0 mm. Hg. 

A yield of 4ZS per cent of 2^hethyi-lj3- 
propasedtol dibenznarc (based on 2^-olethyi- 
1^-prcpandiol) was obtained, with an effici- 
ency; (based on butyl benzoate) of 5 LI per 
cent. The refined 2^iicmyi-l^p«>panediol 
dib e nzoat e had a parity of 10L2 per cent (by 
sarKmurcation), essentially no aadiry, a dial 
content of 0.34 per cent, and the 
physical properties:— 


L5402 
U097 
18 

211— 214 c 
-5°C 


C at 2 mm.Bg. 


20 


25 


fraction of butyl benzcatc. Occasional rcduc- 55 
tions in pressure were required to facilitate 
maintenance of the ketde ternperature below 
195° C The contents of the reactor ketde 
were cooled, mimi with a filter aid and filtered 
to remove the catalyst The filtrate was then 60 
charged to a stripping stfll equipped with a 
gooseneck head and an, external nrrrogen cbnl- 
later. DistUlation of the ester was **rr rird 
out at a ketde temperature of 200 to 210° G 
atZOmra, Hg; 65 

A yield of 883 per cent of Zmcthyl-l^ 
penranedioi cSbenzoate (based on2^nethyl»l>- 
pentanedioQwas obtamc4»withau efficiency of 
88.8 Q>ased on butyl benzoate). Hie refined 
2^nedry^l^5-permmed^d dibenzoate had a 70 


purity of 99.8 per cent (by sarxnhlcatimi) an 
acidity (as benzoic acid) of (X12, esscrrtiaHy no 
di^ content and the following physical pro- 
perties:— 

- 1.5379 

- 1J045 
-18 

- 203—204° C at 2 mm He. 

- -3.8° C 

butanol was cnTWrM q dtstflfa tft A mid- 
faction, containing butanol and butyl benzo- 
ate was then dtstiHed, followed by a pure trac- 100 
tion of butyl benzoate, Occasional reduc- 
tions in pressure were required to facilitate 
mamtenance of the trttir te mperatu re below 
187* C The contents of the reaction kettle 
were cooled, ntixed with a filter aid and filtered 105 
to remove the carafyst- The filtrate was then 
charged to a stripping still equipped with a 
gooseneck head and an external nitrogen ebul- 
Jator. Distillation of the ester was carried 
out ar a kecde tarnxrature of 218—221° C 110 
and a pressure of L5 mm_ Hg. 

A yield of 89.8 per cent of 2-erhyl-l > 5-pen- 
tanediol dibenzOTte (based on ^ethyi-1,5-^. 
tanediol) was obtained with an cfficieW (based 
on butyl benzoate) of 91.4 per cent The 115 


8 


815^91 


2rediyl-l J 5ymmBdid olbenzoare tad 
- /L y apoTirirrarkm) of 99.9 per cent, 
^as benzols acid} cf 0,13 per cent, 
Refractive index at 20° C - 
Specific gravity (20/20° G) - 
Color (based on Pt-Co scale) - 


10 Freezing point - - - - 

Example XVH 
Into a three-neck kettle equipped with a 
thetmoweH a mechanical stirrer and a 25 X250 
mm. column, packe d with glass Raschig zings 

IS and suruuxiutcd by a standard reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 620 grams (3.48 mols) 
of refined bntyl benzoate and 200 grams (131 
mols) of 2^d^3'methyl-l>^fnnmpyifo}. 

20 Then 8 grams QJ) per cent by weight of the 
kettle charge) of lime (technical grade calcmrn 
oxide) were added and. the reaction mrrtiTTC 
was heated to 1X0° C and stirred at a pressure 
of 100 mm, Hg. Btaanol was removed by 

25 distillation at this pressure nntfl the hettle tern- 
peraxore increased to 190° C The kettle 
temperature was then, reduced slightly* the 
pressure was reduced, and the remaining but* 

anol -ffyc * *>Rrrt Hl AT ^<<tilfafe. A mjdfact jon j 

30 containing butanol and butyl benzoatc was 
. ^Q^Q^j^ by a pure fraction of 

Refractive index at 20° C - 
Specific gravity (20/20° - 


55 Color (based on Pt-Oa scakj 

Boiling range - - - - 
Freezing point - - 
WHAT WE CLAIM. IS:— 
L Process for preparing dTbenzoate esters 
60 of alrphacc dials which comprises reacting 
butyl benzoate with aa aliphatic dio! containr 
ing 4 to 9 carbon atoms and having no ternary 
hydrotzyi groups as hereinbefore dffrrted. 

2. Process as daimed in Oaim 1 in winch 
€5 one molecular proportion of the aliphatic did 

is reacted with 23 molecular proportions -of 
butyl benzoate. 

3. A process as claimed in Oaim 1 or 2 in 
which the reaction is e ffect ed in the presence 

70 of an alkaline catalyst, 

4. Process as fi?irff^ in Oaim 3 in which 
the alkaline catalyst is an alkah' metal or afta- 
line earth metal oxide, hydroxide, a&oxide, czr- 
bonate or borate. 

75 5. Process as claimed in Oaim 4 in which 
the alkaline earth metal oxide is calcium aside. 

6. Process as claimed in Qarm 3, 4 or 5 
in which the catalyst concentration Is between 
Ctl% and 10% by weight 

B0 7. Process as claimed in any of Claims 1 to 

6 in which the reaction is effected at a tem- 
perature of tram 150° C to 180° C 

8. Process a3 claimed in any of Claims 1 to 

7 in which the reaction is effected at a pressure 


and a diol content of 0.69 per cent, and the 
following physical properties: — 5 


1.5356 
1.0945 
20 

215-218° C at 15 nun. Hg. 
-35* a 

benzoate* Occasional 


ance of the kettle temperature below 212° C 
The contents of the reaction hettle were cooled, 35 
mhftd with a filter aid and filtered to remove 
the catalyst. The filtrate was then charged 
to a stripping soil equipped with & gooseneck 
head and an external nrtrogen ebullator. Dis- 
TiHaTion of the ester was carried oat at a kettle 40 
temperature of 217—222° C. and a pressure 
of Z0 mm* Hg, 

A yield of 860 per cenr of Zethyl^riethyl- 
1,5-penranediol dibenzoate (based on 2pethvi- 
3-nKthyl-l>pentanediol) was obtained, with 45 
an efficiency (based on butyl benzoate) of 79.7 
percen t. The refined 2<thyi-3-ixjethyi~l,5~ 
pentanedud dibenzoate had a parity of 98.7 per 
cent (by saponification), an acidity (as benzoic 
add) of 0U2 per cent, a diol omtent of 0.41 50 
per cent and the following physical proper- 
ties: — 

- 1.5362 

- 10945 
• 18 

- 210-218° C at 2 mm. Hg. 

- — 17.2 0 C 

of from 2 nun of mercury to 100 mm. cf mer- 85 
cury. 

9. Process as <aahned in any of Claims 1 to 8 
in which the aliphatic dial is diptopylene 

ia The dibenzoate ester of 2-ethyl-l^- 90 
b^^ j ne 

11. The dibenzoate ester of 2-methyl-l J 5- 
pentanedicL 

12. The dibenzoate ester of 2-cthyl-l^ 
pcntanedioL 95 

13. The dfhfnTrwtf ester of 2-ethyl-3- 
methyl-l J 5*pentanedidL 

14w The dibenzoate ester of 2y^Ecthyl-l J 5- 
pentanedioL' - 

15. The dibenzoate ester of 2^ethyi-Z-bntji- 100 
1 ^propanediol. 

16. The dSbeozoate ester of 2rmethyi-Z~ 
propyl-l^-ptoparKthol. 

if. Process for prepar ing rrihenyoBtc esters 
of aliphatic diols substantially as herein des- 103 
cribca with reference to and as illustrated is 
f regvi'i i ig czai Dpl e sL 

P. THOMPSON & CO., 
12, Church Street, liverpool, 1, 
Chartered Patent Agents. 
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